countryside, returning in the early morning when the streets were being washed and the markets beginning to be active. Dr Blackman was a very busy man and to his son a rather remote figure. He was, as well, a Sabbatarian and the reading of 'ordinary' books on Sunday was not permitted. However, among those which might be read were twelve volumes of Sowerby's English Botany with full-page coloured illustrations of every British plant. These were a source of pleasure to Vernon and in the hours spent looking at these books his interest in botany and the collection of plants was awakened.
The education of the Blackman children was begun by a visiting governess and then Vernon went as a boarder to a West Country school. In 1884, at the age of twelve, he proceeded to the City of London School where he received the classical education of the period, learning some mathematics and a little chemistry and zoology. He records that he enjoyed Euclid, in keeping with his analytic type of mind and that he was glad to be at a dayschool and be spared the tyranny of games. This antipathy may have resulted from an injury to a big toe while playing football. Dr Blackman was anxious that his son should be a doctor and so in 1888 Vernon moved to King's College School, then in the Strand, where a special class preparing candi dates for London Matriculation was available.
He left King's College School the holder of an open scholarship and went to St Bartholomew's Hospital Medical College as his two brothers and his father had done before him. In 1889 he began the Preliminary Science course and in 1891 was awarded a Junior scholarship of £130 in chemistry, physics and animal and vegetable physiology. These preclinical courses were his first introduction to the results of biological investigations and to the processes characteristic of living organisms. His interest in biological science was stimu lated and he decided to interrupt the medical course. Through the generosity of the wealthy husband of one of his aunts he was given the opportunity of a university education, and followed his two brothers to Cambridge. Both of them had earlier pursued the same path from the medical school. So after completing three years of study Blackman went, in 1892, to St John's College, Cambridge, where he shared a set of rooms in New Court with his brothers Frederick and Sidney. In the event only one, Sidney, returned to London to complete the medical training. Frederick was already a demonstrator in botany by 1892 and remained in Cambridge throughout his career. He was to build a famous school of plant physiology there and to become one of the most distinguished plant physiologists of the first half of the twentieth century, a career that undoubtedly influenced that of his younger brother, who later earned distinction in the same field in London. At Cambridge V. H. Blackman held at first an entrance scholarship and an exhibition and from 1893 to 1895 was a foundation scholar and Hutchinson student.
When Blackman reached Cambridge the botany school was in the process of rejuvenation and the trend towards experimentation was beginning. It was largely inspired in Britain by T. H. Huxley and was set in motion by a small band of enthusiasts who had studied during the 1880's in the famous G erm an laboratories. T here they had seen the progress being m ade in physiology and the emphasis placed on research. A t C am bridge the Professor, C. C. Babington, a traditional taxonom ist, had been ineffective through illness for a long while before his death in 1895. T he introduction of the new ideas at Cam bridge was due to the reader, S. H . Vines, one of the young m en who had been in G erm any and who w ent on to become Sherardian professor of Botany at Oxford. His work was carried on by Francis D arw in on whom Babington's responsibilities had devolved by the time Blackman was an undergraduate and from whom he received form al instruction in physiology, one course of lectures. For m any years the botany school had consisted only of the h erb ar ium and a rath er inconvenient lecture room. Vines established a laboratory by cutting off a corner of the herbarium with paper screens and later moved advanced students to a 'nondescript gallery room which also housed the botany library'. To these facilities a dwelling-house was added which 'left m uch to be desired as a place for delicate physiological experim ents' although it was 'a pleasant place bathed in sunshine and the centre of m uch good work during the period from about 1890 to 1904'. In this environm ent Blackman received his botanical training, m ainly taxonomic. H e gained first classes in both parts of the Tripos, graduating in 1895. He held a Fellowship of St Jo h n 's College from 1898 to 1904 and was aw arded the W alsingham m edal in 1897.
U ndergraduate students of his day received only a lim ited am ount of formal teaching and had tim e to study aspects of botany of their choice and to read original papers. Blackman's m ain interest was, from the outset, plant processes and so he became fam iliar with the recent advances in cytology and physiology m ade in Germany. W hile still an undergraduate he began investigations into the process of fertilization in Pinus sylvestris. This brought him in contact with the work of Strasburger, the leading cytologist of the 1890's, and on completing his degree he went for a year to Strasburger's laboratory in Bonn. O n starting work he was instructed not to discuss his problem with members of the staff or other research students, bu t only with Strasburger himself, an interesting glimpse of the authoritarian atmosphere of the laboratory. It is tem pting to speculate th at Blackman in his turn, had the opportunity of seeing at first hand the advances in physiology inspired by the work of Sachs, an experience which perhaps influenced his later contribution in this field of study.
Blackman's subsequent career falls into three distinct phases. The period from 1896 to 1911 when his research was concerned with sexuality in fungi, the period from 1911 to 1943 when his attention was focused on plant physiology as applied to agriculture and the years of retirem ent from 1943 to 1967 during which he m aintained an active interest in botany until extreme old age prevented further participation.
O n returning from Germ any in 1896 Blackman took up an appointm ent as an assistant in the British Museum (Natural History) where he was to remain for ten years. While at Cambridge he had become a close friend of A. G. Tansley (Sir A. G. Tansley, F.R.S.) who graduated in 1894 and became a staff member of the botany department of University College, London. The two friends for a time shared a flat and one of their experiments was to become vegetarians. The benefits of such a diet were much advertised by Eustace Miles and the restaurant he opened to provide vegetarian meals was patronized by the two young men. When in 1902 the New Phytologist started publication as a means of communication between botanists, Tansley became editor and Blackman was a frequent contributor to the early numbers writing book reviews, notes on points of technique, accounts of recent publications and review articles as well as original papers. His duties at the museum were in the mycological section and as a result of this he was introduced to Miss Edith Delta Emmett who later became his wife. Miss Emmett had learned the art of making wax models from an aunt famous for her skill in making wax flowers for Victorian drawing-rooms. The niece was at first employed in making wax models for Sir Ray Lankester and was sent to Blackman for scientific advice and help. In later years she gained an international reputation for her work and her models of animals and plants found a place in museums all over the world. The beautiful flower models she made were well known in her husband's department and long used as teaching aids. In addition to his work at the museum Blackman found time to do some teaching in the University of London. He lectured in 'vegetable physiology' at University College and in botany at East London (now Queen Mary) College and when in 1903, the University drew up a three-year programme of intercollegiate lectures addressed to honours students and others he contributed a series on 'The origin of the Ascomycetes'. One of his students recalls that he looked very formal in a frock coat when delivering these lectures.
At the Museum Blackman was responsible for the care of the fungal collections for correspondence relating to fungi and for the handling of new material. He wrote a monograph on the lichens and fungi of Christmas Island, presumably after examining a collection brought to the Museum. Otherwise he spent most of his time investigating sexuality in fungi, a topic to which he turned following his work on Pirns. The Keeper of Botany, G. R. M. Murray, raised no objection to his spending much of his time in this way, but when A. B. Rendle succeeded M urray he took the view that too much time spent on research led to neglect of the work of the Museum. As a consequence of this attitude Blackman sought another post and in 1907 was appointed as the first Professor of Botany in the University of Leeds. So at the age of 35 he became one of the dozen or more Professors of Botany in Britain. The Chair was instituted on the retirement of Louis Miall from a Chair of Biology and at the same time a Professor of Zoology was appointed. The new department was small and occupied part of the top floor of the Biology building. The staff consisted at first of the Professor, two assistant lecturers and a demonstrator, later increased by a research assistant and a laboratory stew ard. T here was a large laboratory for teaching and a sim ilar space divided up for staff and research rooms. T he most arduous duty seems to have been teaching m edical students, b u t by the tim e Blackm an left in 1911 there were two honours students and he had started some mycological research. T he Blackmans seem to have led a fairly active social life, not only am ong their University colleagues, of whom W . H . Bragg (Sir W illiam Bragg, F.R .S .), Professor of Physics, was one, b u t also am ong citizens o f other occupations. Stiles (Professor W . Stiles, F.R .S.) becam e an assistant lecturer during B lackm an's last year at Leeds and this later led to Stiles being inform ally associated w ith Blackm an's research G roup a t South K ensington w hen engaged for a while on w ar work on local anaesthetics in the Chem istry D epartm ent at Im perial College.
Soon after his arrival at the M useum Blackm an accom panied the K eeper of Botany, George M urray, on a voyage to the W est Indies which took them to Barbados, H aiti, Ja m aica and Colon. T heir purpose was to collect phytoplankton of the ocean (particularly coccospheres and rhabdospheres). T he calcareous skeletons of these organisms had long since been described and they h ad once been found floating free in tropical waters. T he exact nature of the organisms from which the shells derived was still unsettled and evidence of their systematic position was lacking, indeed their very existence was challenged by those who failed to find them . M urray and Blackman had thought th a t 'the difficulty and expense of obtaining tow nettings rem ote from land, involving charter of a vessel, m ight be overcome by inducing the com m ander of a steam ship to pum p w ater through a fine silk net and to prepare and preserve in a suitable m anner the proceeds obtained in this way*. W ith the co-operation of the com m ander of a Royal M ail Steam Packet ship two such collections were brought to England and the two scientists participated in a third voyage. T he results of the expedition are delightfully described in the Phil. Trans, of 1898 and in two com m unica tions in the first volume of the New P in 1 som ewhat handicapped because the finest m iller's silk (mesh 50 used as a filter did not retain the organisms (10 to 30 jum) until the pores were partly blocked. A lthough the catch was not abundant, by taking into account as well the nature of the deep-sea deposits they felt justified in concluding th at these m inute organisms were widely distributed in pelagic waters. Beautiful drawings of the intricate forms of the shells are presented. An im portant observation was of a yellow green chrom atophore in some specimens of Coccosphaera l e p t o p o r a , evidence which supported these organisms were algae. Blackman reviewed the subject in 1902 by which time living coccospheres had been observed by Lohm an entangled in the natural filtering apparatus of Appendiculareae and their algal nature was accepted.
Two larger unicellular organisms of special interest because they were luminous were also studied. These were members of the Pyrocysteae found in the bags through which sea w ater had been pum ped. The algae are described and some observations made on the luminous property. Blackman was able to examine them under low power in the dark by their own light and thought the radiation came from the 'mass of protoplasm surrounding the nucleus'. He found that when placed on water the cells floated and shone with a bluish light for a few seconds when shaken. By adding ethanol and shaking vigorously the cells could be repeatedly stimulated to glow. Speculating on the source of energy for the light he suggests it is provided by oxidation, one of many examples of his percipience in interpreting his findings and indicating the nature of a problem.
In 1898 Blackman's work on Pirns sylvestris, begun as an undergraduate student, also appeared in the Phil. Trans. He describes features of the fertili zation process, the topic which was to hold his interest for twenty years. Throughout he was mainly concerned with nuclear fusion and its significance in sexual reproduction. The paper on Pirns 'gives a fairly complete account of the act of fertilization and the processes surrounding it from the formation of the neck of the archegonium up to the stage of cell-wall formation at the base of the egg'. He was the first to observe the oosphere before fertilization, although processes occurring in the grain after fertilization had been seen in Strasburger's laboratory as well as passage of free nuclei into the egg. Blackman notes 'that in all cases of fertilization hitherto described in plants, cryptogams or phanerogams, the male and female nuclei fuse while in the resting condition, almost immediately after they come in contact and form a definite fertilized resting nucleus. In Pinus the process of fusion is extremely slow. The male nucleus after coming in contact with the female gradually forces its way into the latter until it becomes completely enclosed but actual breaking down of the cell walls (fusion) is for a long time delayed.' Part of the success in making these new observations was due to the use of ethanol as a m ounting agent rather than the more usual w ater or egg-white then in general use. This beautifully presented paper is still remembered both for the contribution to understanding of nuclear fusion and for its precision and clarity. I t includes, as well, chromosome counts of several types of cell and other features which the author says support the ordinarily accepted view that the chrom atin is the essential part of the nucleus 'for although the actual masses of male and female nuclei are very different yet the masses of the female and male chrom atin and chromosomes are, as far as can be made out, exactly equal'.
At the museum he turned his attention to the Uredineae and particu larly the process whereby uninucleate cells became binucleate. His approach to research was orderly and painstaking and his papers on fungi provide an example of his careful observation and meticulous attention to detail. All the published information is reviewed and assessed, the points requiring clarification defined and the procedures thought most likely to lead to progress selected for further experimentation. The first paper deals with germination of teleutospores. He noticed, on examining the published drawings, that the length attained by the germ tube before formation of the sporidia-bearing cells varied greatly. Unexplained divergences of this kind were a source of dissatisfaction to him and in this case he sought the reason. He first showed th at the differences were due to some external factor and then anticipating th at this m ight be moisture, compared germ tube growth in moist air with th at in hanging drops. In moist air the tubes were short and sporidia-bearing cells formed almost immediately, while in hanging drops growth continued as long as nutrient was available and no sporidiabearing cells were formed unless the tube emerged into the air when this process at once ensued. The conditions for uniform behaviour in this respect were thus satisfactorily defined.
There followed his most outstanding contribution to the question of sexuality, a long paper entitled 'O n the fertilization, alternation of generations and general cytology of the Uredineae'. This research, together with other work, established quite firmly the existence of alternation of generations in the rust fungi. Blackman studied the sexual cycle in Phragmidium violaceum and the conclusions he was able to draw again owe much to the excellence of his cytological technique to which full justice is done by the clarity of the numerous drawings. He showed that the dikaryotic state of aecidiospore initials arose not from division of the nucleus as had previously been supposed but by migration of a second nucleus from a neighbouring hypha and that thereafter the nucleus divided conjugately and fusion was delayed for many generations until the teleutospore stage was reached. He rightly concluded, from their cytological characteristics, that the spermatia were male sexual cells but assumed, incorrectly, because of lack of evidence to the contrary, that the spermatia were functionless. It remained for Craigie, in 1927, with improved techniques at his command to observe the cross-fertilization of flexuous hyphae (female organs) with spermatia liberated from male hyphae leading to the dikaryotic potential aecidio spore (mother cell). Blackman provided the first coherent interpretation of current observations, supported by his own results and his description of the life cycle of this rust has proved to be correct in all respects save one, the origin of the migrating nucleus. He emphasized that the im portant event in the life cycle was the early association of the two nuclei into a dikaryon in the aecidiospore rather than the nuclear fusion in the teleutospore to give a diploid nucleus. He was the first to postulate clearly that the dikaryotic condition extending through most of the life cycle of the rusts and higher basidiomycetes carried with it most of the advantages conferred by the diploid condition in higher plants and in so doing was able to relate the life cycle of these fungi to that of higher plants. Some of his views were challenged by Christman, working on similar lines in Scandinavia and some controversy followed. W ith charac teristic thoroughness Blackman returned to the subject in later years and set his assistant to repeat the work on Phragmidium violaceum. She was able to confirm all his observations but the function of the spermatia still escaped them (E. J . Welsford, Ann. Bot. 1915, 29, 293) .
In further papers in collaboration with H. C. I. Fraser (later Dame Helen Gwynne Vaughan) and E. J . Welsford the studies on nuclear fusion were extended to Uromyces p o a e and same diploidization process. In Melampsora , however, the binucleate condition arose from fusion of adjacent fertile cells and in Humaria granulata the nuclei in the ascogonium were observed to fuse in pairs. This reduced morphological sexuality is now known to occur widely among the Ascomycetes. Finally, in Poly stigma r u b r u m , well marked ma were found to be abortive and sexual fusion took place between nuclei of vegetative hyphae. During his tenure of the Chair at Leeds one or two papers on aspects of cell fusion appeared under the names of his colleagues. It must be accepted th at the researches were undertaken at Blackman's suggestion, but his precise contribution is impossible to assess. It was his policy throughout his career only to add his name to a paper if he had contributed to the experimental work, so a list of his publications provides only limited informa tion of the p art he played in the wide range of research projects with which he became associated. Blackman's final contribution to the problem of fertili zation arose from the chance th at some material of Lilium martagon destined for class-work proved to be of high quality and offered the opportunity of studying fusion of the male and female nuclei. The work, done in collabora tion with Welsford, led him to the conclusion that the male nucleus had the power of movement and could make its way to the nucleus with which it fused. Further studies with the same material were made by Welsford (Ann. Bot. 1914, 28, 265) .
Blackman wrote two reviews on the cytological problems with which he was concerned, one a general review of the significance of sexual reproduction in plants and animals and the other a summary of the knowledge of alter nation of generations. The latter was a response to Lang's suggestion that the difference in the mode of development of the spore and egg in Archegoniateae was solely due to environment, the spore being on dam p ground and the egg enclosed in the archegonium. Blackman found this a somewhat preposterous view and clearly thought it should be challenged at once. He set out at length in five categories all the evidence he believed to refute the idea, and gives the impression of a pained surprise that such an unjustified claim could have been put forward.
It is perhaps obvious that his interest in the behaviour of the nucleus should extend to its possible function in the transmission of hereditary characters. So on publication of M endel's findings by De Vries he contri buted an article to the New Phytologist (No. 2) describing M endel's work and hailing it for the striking results, the convincing method and as the first thorough statistical study. In a later article (1911) on the 'Nucleus and heredity' he recounts the attempts 'to give precision to the question of the mechanism of inheritance'. There is a rem arkable forecast of molecular biology as the solution of the problem. It is a further example of Blackman's ability to assess available information and with only very meagre data to state the basic nature of a problem correctly. 'It must be pointed out that
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there is a lot to be said for the view, in no sense vitalistic, th at the play of physical and chemical forces in the organisms is regulated by a definite anatom ical substratum . It is well known in chemistry that the reaction of a chemical substance depends largely on the configuration of the molecule and recently the nature of crystals and such difficult questions as change of valency have been shown to be explicable on a theory of molecular architecture. I t would seem possible, then, th at the cell or some smaller unit of it is the seat of an architectural organization on a higher scale by means of which the activities and form of the organism are controlled. If such an organization be accepted the view is certainly tenable that there are m aterial carriers of this organization which are transm itted from cell to cell and are possibly localized in the nucleus.' He looked forward to the time when plant processes would be explained in chemical terms and it was apparent to him that further cytological work with the techniques then available would not solve the problems which interested him. Largely for this reason he turned to physiology and laboured to convince his contemporaries that accurate measurement and adequate methods of analysis were essential if real pro gress was to be made.
Before he left Leeds Blackman's position as a distinguished botanist was established and soon afterwards, in 1913, he was elected into the Fellowship of the Royal Society, a privilege he was to enjoy for fifty-four years.
In 1911 Blackman returned to London to take up an appointm ent as the first Professor of Plant Physiology and Pathology at the Im perial College of Science and Technology (University of London). He joined Farm er (Sir Jo h n Farmer, F.R.S.) who was planning extension of the biology depart ments. In the ensuing years, referred to by Blackman as eighteen fortunate years, these two men built up an organization for teaching and research in physiology and pathology which was the most advanced in Britain. In the words of a Professor of Botany elsewhere about the time of Farm er's retire ment 'whether it is right or not the fact is that Im perial College has more influence today in the botanical world than any other institution'. Perhaps the success may be attributed to a continuing and constructive policy with a purpose, initiated by Farm er who had a forceful and dominating character, but largely implemented by Blackman whose more self-effacing nature made it possible for him to work quietly and efficiently towards the common goal while Farm er became more and more occupied with affairs outside the department.
Farm er visited India in 1892 and saw at first hand the necessity for crop improvement and disease eradication. Ever since he had advocated the training of botanists capable of applying physiology and pathology to the problems of agriculture. It was a novel idea for a university course to be directed towards applied research, but fortunately the Imperial College was particularly suitable for such an innovation. There was a strong technological bias in other subjects and the teaching of biology had long since broken away from the confines of the herbarium under the stimulating leadership of T. H. Huxley. In the decade before the outbreak of the first world war the cogency of Farm er's views about linking theory with practice was recognized and when in 1909 the Development Commission and Road Act was passed, public money became available in substantial amounts for the first time for agricultural research. Farm er seized the opportunity and persuaded the Governors of Im perial College to put forward a case for the establishment of an 'Institute of Vegetable Physiology' to be separately housed and to provide training in physiology (especially nutrition), path ology and biochemistry at advanced level. W hen this plan was agreed Blackman was invited to become the first Professor and to set up the Institute. It was envisaged 'that there will be a period of observation and measurement (of plants) leading to development of biochemistry and cell physiology and that the Professor shall direct his attention mainly to those aspects of plant life from which economic results may be especially expected to ensue'. Before leaving Leeds Blackman submitted plans for the building designed to house about a hundred students. The Governors assured him that accom modation would be provided on the scale he proposed and that the im por tance of his departm ent was fully recognized. The proposed building, however, did not get beyond the planning stage, because the whole question of housing biology came under review. In the event Blackman was allotted space in a new building for botany which he proceeded to plan jointly with Farmer. In the interim before its completion the new departm ent was housed temporarily in the chemistry department.
When Blackman arrived a fourth-year course with an applied bias was already in being and his duties were to give courses of lectures and practical classes in both physiology and pathology at advanced level. The syllabus ranged from soil characteristics, soil bacteria and fungal diseases, to photo synthesis and other metabolic processes. To help him was a demonstrator primarily trained in chemistry (S. G. Paine, later Professor Paine). In addition to fulfilling this quite formidable task he put forward a research programme. In getting this started he was helped by the fact that the Board of Agriculture had instituted a scholarship scheme for postgraduates, and as Im perial College and the Cambridge botany school had been designated centres of training in physiology scholars were allotted to these laboratories.
Concurrently he pressed the Board of Agriculture to set up an advanced school of physiology, since he was convinced of the necessity of the work of the only departm ent of plant physiology in the country being related to agricultural science. He suggested that the limitation of space and lack of field facilities at Imperial College should be overcome by adopting the method of locating staff members at Research Institutes. He regarded this as desirable in that it ensured a close liaison between the University and the Institutes. So at his instigation and with a grant from the Development Commission, made through the Board of Agriculture, a Research Institute of Plant Physiology was set up. The headquarters were at Imperial College, Blackman was the first Director and there were initially three research assistants. He contributed himself to the first project and with his dem onstrator investigated the movement of salts in and out of cells of leaves and roots. A method, based on electrical conductivity, was worked out by which very small quantities of material in the cell sap could be recognized with ease and rapidity. They showed that (contrary to current opinion) living leaves allowed salts to pass out, the amounts increasing with the age of the leaf. The passage of salts was also found to be affected by the conditions under which plants were grown, in the glasshouse or in the open, and they observed for the first time the effect of light in increasing passage of salts out of leaf cells. This work was interrupted by the outbreak of the first world w ar and the results do not seem to have been published. By the time the war was over both men were engaged in other activities. However, Blackman was always eager to understand the mechanism of, often, well-known phenomena and reluctant to accept explanations not adequately tested by experiment. The movement of the pulvinus of mimosa was a case in point and the opportunity was taken by Blackman and Paine to apply the conductivity method to measurement of ex-osmosis of small quantities of electrolytes from the pulvinus. They found that contraction was associated with in creased ex-osmosis but the losses of material were too small to account for the water withdrawn. Moreover, cut pulvini immersed in water exhibited a large num ber of contractions when suitably stimulated, and so the con clusion was reached that ex-osmosis was not the explanation of the pheno menon. They also noted permeability changes on sudden transfer from light to dark and vice versa, but they were unable to elucidate the process of turgor loss.
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Work began on the other two projects under Blackman's direction and with his co-operation. It was carried out by three Board of Agriculture scholars, W. Brown (later Professor Brown, F.R.S.), R. G. Knight and G. P. Laidlaw, who later became the first three members of the Institute staff. There remained the question of biochemistry, which was included in the mandate. There were few plant biochemists available, since study of the chemistry of plant products had depended on pharmacists and industrialists rather than on botanists. Blackman recruited S. B. Schryver (Professor Schryver) who was working at the cancer hospital. Schryver at first collaborated in the investigation of movement of materials from cells but soon turned his attention to the chemistry of pectin and pectin gels. From this time biochem istry, although remaining under Blackman's general direction, proceeded
Starting with transpiration it was the intention to develop the second project by examining the physiology of plants growing in greenhouses and facilities were arranged at Cheshunt Experimental Station. Little or no information was available about the effects on transpiration of either stomatal aperture or air movement, nor were there adequate techniques for making the appropriate measurements. Blackman decided that the first task was to build suitable self-recording instruments and it is a tribute to his versatility th at he played a major part in the designing (with Paine , 1916,30, 47 ). The transpirometer he and Paine constructed was a modification of the Ganong instrument in which loss of water by the plant was registered by a balance provided with a special mechanism for keeping the pans in equili brium. The novelty introduced by Blackman was to replace steel balls (each weighing a gram) as the counterpoise by water drops. In this way sensi tivity was much increased and variations in rate of transpiration due to changes in soil moisture content were avoided because the water drops were added to the soil and replaced exactly that lost to the plant. A second balance recorded water loss from a porous pot evaporimeter which allowed for changes in rate of water loss due to uncontrolled environmental factors such as tem perature and air movement. The wind-tunnel was probably the first designed for use in transpiration experiments as a means of overcoming the difficulties of achieving still air, or, on the other hand, of allowing for variations due to air movement. The self-recording porometer allowed air to be drawn through a leaf and the speed of the air stream was measured, thus providing a relative measure of stomatal aperture. The rate was recorded by the num ber of drops flowing from a constant pressure aspirator. The drops fell on to a strip of mica from which protruded a platinum wire which was plunged into a reservoir of mercury on the impact of each drop. In this way a circuit activating a pen writing on a clockwork drum was completed.
These instruments were used by K night (who remained on the staff of the Institute until his untimely death in 1935) to study the relation of transpiration to stomatal aperture. In the light of later work the inter pretation of the data he collected was perhaps less successful than the in genious apparatus invented. After some lapse of time porometer studies were taken up again at Blackman's suggestion, first by Pearse and then by H eath (Professor Heath, F.R .S.). It was H eath's discovery of the effect of CO* depletion on stomatal behaviour that finally provided a satisfactory interpre tation of K night's data. Nevertheless, the porometer designed in 1913 has an honourable place in the history of this instrument and the long series of experiments continuing till 1922 m ade an im portant contribution to the developm ent o f accurate quantitative studies of physiological processes.
A second aspect o f 'forced p la n t' cultivation th a t Blackman considered was the concentration of carbon dioxide in glasshouses. H e thought it m ight be higher th an in the outside air and enhance the assimilation rate (in keeping w ith the findings of his brother, F. F. Blackman, concerning effects of C 0 2 concentration on assimilation rate of detached leaves). He forecast th a t a beneficial effect on grow th of C 0 2 enrichm ent m ight well be comm ercially exploited. Accordingly grow th of fruits (cucumbers and tomatoes) on plants sown throughout the year was exam ined and concom i tantly C 0 2 concentrations m easured. Laidlaw began this work which, after his death from wounds in France in 1915, was continued by F. G. Gregory (Professor F. G. Gregory, F.R.S.) who had ju st graduated at Im perial College. Gregory set up a device for recording C 0 2 concentrations and carried out experiments with cucumbers. L ater on, under Blackm an's direction, Bolas and H enderson at South K ensington m easured the effect of C 0 2 enrichm ent on the dry weight of cucum bers grown under controlled con ditions of light and tem perature. T he growth cham ber used had been built for earlier experiments by W. Shaw, the erstwhile laboratory steward who came w ith Blackman from Leeds. It was sited in the m iddle of the botany greenhouse and was possibly the first forerunner of the constant environ m ent cabinet. An unequivocal increase in dry weight of the cucum ber plants due to the enhanced carbon dioxide concentration was dem onstrated w ithin two or three days of placing the seedlings in the cham ber. M any years later when some of the technical problems of applying this knowledge had been overcome, C 0 2 enrichm ent as a means of increasing yield was attem pted as a commercial practice.
T he most im portant result of Gregory's experim ent with cucumbers was not the d ata about C 0 2 concentration in greenhouses but the observation th a t although fruiting took place throughout the year in a glasshouse at a reasonably constant tem perature, the growth characteristics of the plant varied greatly with season. T he outcome of this finding was Gregory's wellknown work on the expansion of the leaf and the development of the methods of growth analysis, so widely adopted by agricultural scientists. Gregory gladly acknowledged th at his progress owed m uch to m any discussions with Blackman.
T he first cucum ber experiments brought to Blackman's attention the possible relevance to the form ulation of an expression to describe the growth history of a plant of the law which states th at the rate of chemical change in a system is proportional to the quantity of reacting substance. In a paper entitled 'The compound interest law and plant growth' (1919) he enunciated his conclusions in the following term s: 'If the rate of assimilation per unit area of leaf surface and the respiration rate rem ain constant and the size of the leaf system bears a constant relation to the dry weight of the plant then the rate of production of new m aterial as measured by dry weight will be proportional to the final size of the plant.' T h at is the plant in its dry weight increase will follow a compound interest law expressed as = W0er(, where W0 is the initial (or seed) weight and W the final weight attained at time t. He used published data to provide examples of the application of this formula and suggested that the quantity r, which he termed the efficiency index, provided an average measure of the rate of accumulation of dry weight which might be useful in comparing the 'efficiency' of different plants and of plants grown in different environments. He pointed out that the formula took account of the fact that dry weight increased continuously and stressed that the value of r calculated from the final dry weight could only give an average figure because r must vary with changing external conditions such as light and tem perature. The paper was widely read and had a great influence on attempts to express plant growth by an equation. Its importance lies in the fact that it set out for the first time for botanists, a correct expression for relative growth rate and in this sense has had applications of a far-reaching nature. His suggestion was somewhat severely criticized by Briggs, Kidd and West who were engaged in attempts of a similar kind in Cambridge. Their view was that the quantity V' had no real biological meaning because it must be continually changing during the growth span. Blackman replied by reiterating that his claim had been that an average figure might have some practical use. The position was summed up by R. A. Fisher in a paper criticizing the equation suggested by the Cambridge workers which he found inaccurate. 'The correct measure for the mean value of relative growth rate over any period long or short is that advocated by V. H. Blackman under the name Efficiency In d e x . . . W hether this view (that growth history can be represented by an exponential curve) was ever advocated by Blackman I am unable to say but in advocating accurate methods for measuring relative growth rate Blackman is amply justified.' W hen Ashby (Sir Eric Ashby, F.R.S.) was appointed as a demonstrator after graduating at Im perial College, Blackman put forward the suggestion th at duckweed {Lemna minor) would be a suitable plant with w how far growth is an exponential process. Accepting this proposal Ashby made an elaborate quantitative investigation of the growth of Lemna which was extended by H. L. W hite to include responses to variation in the supply of nitrogen, phosphorus and potassium. Their work was published in the Annals of Botany in a long series of papers entitled 'Studies in the growth of LemneC beginning in 1928.
The third project of the programme was in the hands of W. Brown. The proposal was to investigate the interaction between the physiology of host plants and their parasites. Brown began by examining the factors deter mining invasion of plant tissue by Botrytis cinerea. It is perhaps worthy of note that in spite of the years spent in mycological research Blackman played little direct part in the development of plant pathology at Im perial College. W ith his assistant E. J . Welsford he examined the way in which the germ tube of Botrytis penetrated the leaf cuticle since, unlike the rusts, this was not by way o f the stom ata. In an interesting paper, the second in the long series 'Studies in the physiology of parasitism ', prim arily associated w ith the nam e o f Brown, Blackm an and W elsford showed th a t entry by Botrytis was a m echanical process not aided by excretion of enzyme by the fungus. Form ation o f a peg-like structure is described w hich adhered to the leaf surface by m eans o f a sticky substance and so m ade it possible for the germ tube to th ru st through the cuticle. His only further publication in this field is his address to the British Association in M ontreal in 1924 w hen president of Section K . H e took as his subject 'Parasitism ' and outlined the researches in pathology in his d epartm ent in the course of the lecture. H e m aintained his general interest by m any discussions w ith Brown, who rem em bered them as profitable, encouraging and valuable because of B lackm an's w ide-ranging knowledge.
T he outbreak o f the first w orld w ar in A ugust 1914 delayed the expansion of the infant Institute of P lant Physiology and restricted the research in pathology, as all except those in low m edical categories were called to the forces or diverted to some type of w ar work. Blackm an him self a t the request of the Board of A griculture investigated the claims th at overhead electric discharge stim ulated the grow th of crops. Botanists' interest in the effects of electricity on plants dates from the early eighteenth century and had been revived by some D anish work published in the first decade of the tw entieth in which wires over the plants were used to produce the discharge. I t was said th at when the m inute air/earth current passing through vegetation was in creased by a discharge grow th was increased. T he D anish work did not carry conviction w ith agriculturalists b u t the technique was adopted by J . H . Priestley who succeeded Blackman at Leeds. Priestley m ade m any attem pts to prove the value of the electric discharge bu t his results were very variable and he experienced m any technical difficulties. So, in view of the possible im portance to food production, Blackman set out to make a thorough investigation and brought to bear on the problem his clear sighted appraisal of the experim ental design and procedure required if any progress towards a definitive conclusion were to be achieved.
Field experiments were set up at Lincluden in Dumfrieshire, with the co-op eration of Professor Howe of Glasgow physics departm ent in the construction of the electrical installation and they had the benefit of Priestley's experience at this site. A further installation was set up at Rotham sted Experim ental Station. O ver a period of six years the response to treatm ent of oats and barley was measured. A yield increase was recorded in 14 out of 18 experi ments. Both straw and grain yields were enhanced and the electrified plants were observed to be greener than those not receiving the discharge. U nfortu nately the am ount of the increase varied so widely (0 to 50 % for grain and 0 to 25 % for straw) th a t it was impossible to recom m end such a costly procedure to farmers, although it was permissible to conclude on a statistical basis th at increasing the air/earth current from about 2 X 10*16 to 1 X 10'10 A had a beneficial effect on the growth of barley and oats. W ithout more knowledge of the effect of soil type and climatic conditions field experiments seemed unlikely to lead to further advances. As soon as the great variability between samples became apparent, pot experiments were started in the hopes of reducing these differences. The results of several years' work served to confirm the conclusion reached from field experiments butthe variations in the percentage increases in yield remained disappointingly large and in 1921 the grant from the Electro-culture Committee was dis continued. By this time some laboratory experiments by Blackman, Gregory and Legg in which barley coleoptiles were exposed, in darkness, to an ion ization current from a highly charged point above the plant had proved that extension growth was accelerated by the application of a current and that the increased rate of growth was maintained for some time after the current was discontinued. For some while Blackman retained his interest in the puzzling situation that the electro-culture work had revealed as well as his curiosity about the physiological effect of a discharge. Pot experiments in collaboration with A. T. Legg went on for a num ber of years and in the laboratory three research students looked at effects of ionization of the air on respiration and assimilation. Air artificially ionized by polonium was passed over barley seedlings or pelargonium leaves and increases of about 30% were recorded for respiration but in assimilation experiments with Elodea no effect was detected {Ann. Bot. 41, 345, 357 and 43, 163). The mechanism of the recorded effects remained obscure.
After the war there was a great expansion of agricultural research and Blackman assumed responsibility for an increasing num ber of people and projects. It was now impossible for him to undertake much detailed super vision of research and much of his time was spent in organizing facilities and providing the 'climate' for others to develop their talents. He put his name to only two further papers with students. These describe, as in the case of the mimosa, experimental tests of possible explanations of familiar facts. The first suggestion was that the injection of submerged leaves in darkness could be accounted for by the gas relations obtaining in dark as distinct from light. The observations made favoured the explanation that as oxygen was removed and the carbon dioxide of respiration dissolved in water, water was drawn in through the stomata in response to the fall in internal gas pressure. Removal of oxygen also raised the partial pressure of nitrogen above that with which the water was in equilibrium and so nitrogen also dis solved and injection was completed. The second suggestion was that the gas bubbles not infrequently present in the wood of living trees disappeared by this same mechanism. However, when bubbles of air, nitrogen or oxygen were introduced into xylem vessels of both living and dead tissue they decreased in size and after twelve to twenty minutes disappeared. There was therefore no evidence that increased partial pressure of nitrogen due to oxygen consumption was involved in this process.
Blackman was closely associated with the post-war programme of research on fruit growing and fruit storage. He was on the committee of the East
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the executive com m ittee for 35 years until he reached the age of 88. For the last twenty years of his service he was V ice-C hairm an. His p a rt in guiding the research was of first im portance to the station and he is com m em orated there by the Blackman scholarships for research in applied botany. A close liaison was m aintained w ith the Research Institute of P lant Physio logy and R . C. K night was seconded to East M ailing, eventually becoming Assistant D irector while rem aining a m em ber of Blackm an's staff. H e was followed to the station by several other staff members who worked on such questions as nutrition of fruit trees in w ater culture, the use of horm ones in propagation and the distribution of auxins in shoots, under Blackm an's general direction. T he Food Investigation Board of the D epartm ent of Scientific and Industrial Research was responsible for a new research effort on the preservation and storage of fruit, particularly apples. Blackman was chairm an of the sub-com mittee which dealt with the best conditions for storage and was asked to supervise some of the work on chemical changes in fruit in store. This latter investigation was a jo in t undertaking by the Low T em perature Station at Cam bridge and Im perial College. A t first chemical analyses and the study of fungal invasion were carried out in London and storage trials and respiration measurements at Cam bridge. T he purpose was to relate chemical changes in fruit stored at different tem peratures to the onset of metabolic disorders which resulted in internal browning of the tissue. For this task Blackman appointed graduates in chemistry, an innovation for a botany departm ent. H e held the view th at the time was approaching when the chemical aspects of physiology would assume an increasing im portance and took the opportunity to ensure th at this 'borderline' type of work was represented in his departm ent. Numerous records of sugar, acid and pectin changes in apples during storage were m ade and a great deal of infor m ation collected, b u t the knowledge of plant metabolic processes was not sufficiently advanced in the 1920'sfor any very penetrating interpretation of the results to be made. Nevertheless the work of M. H. Branfoot (Carre) on apple pectins laid the foundation for m uch future researches and her m onograph on the subject was for m any years a standard reference. The senior m em ber of the group, D. Haynes, determ ined acid losses and the work on sugars, which included changes in fruit developing on the tree, was largely the responsibility of H. K . Archbold (Professor Helen Porter, F.R .S.). An outline of the investigations is provided in the reports of the Food Investi gation Board for the years 1918 to 1933.
T hroughout his career Blackman rem ained a general botanist, rather than becoming a narrow specialist. O n a num ber of occasions he was stimu lated by his reading to write articles challenging conclusions which he believed to be unjustified or to initiate experimental tests of claims he thought unproved. For example at the time when formaldehyde was considered the most likely first product of photosynthesis, Usher and Priestley (and others) claimed to have shown that films of extracted chlorophyll exposed to light in the presence of C 0 2 reduced the C 0 2 to formaldehyde. Blackman considered the evidence unsatisfactory. By performing relatively simple but crucial experiments, Warner, working in Blackman's laboratory and using a delicate test for formaldehyde devised by Schryver, made plain that formation of formaldehyde was independent of the presence of C 0 2. Formal dehyde was in fact a product of oxidation of the chlorophyll (Warner, Proc. Roy. Soc. B, 87, 378, 1914, communicated by V. H. Blackman). This work was extended by Kidd and j0rgensen, also at Imperial College, who were assisted by Stiles. They purified leaf pigments extracted by the then new separation procedure described by Wilstatter and confirmed W arner's conclusion {Proc. Roy. Soc. B, 89, 361, 1915, communicated by V. H. Black man). In this way they disposed of the claim that C 0 2 had been fixed in vitro by light energy, giving rise to formaldehyde.
A second example is to be found in two articles by Blackman on the theory of geotropic response written as a criticism of a theory put forward by Small which rejected the 'statolith' theory of the movement of large particles in response to gravity in favour of one based on the colloidal nature of the cell contents and movement upwards of particles of a disperse phase. Blackman begins with his usual courtesy 'Professor Small has shown great courage in attacking the problem and great ingenuity in working out his theory. O ur knowledge of the colloidal and electrical conditions of the cell is unfortu nately so slight that any theory of this kind must be highly speculative.' He then puts forward a number of serious difficulties which make acceptance of the theory as a working hypothesis undesirable. When it turned out that Small had in mind movement of large particles and not as Blackman had at first thought ultramicroscopic particles of a disperse phase of a sol according to current colloidal theory, he was moved to indignation. 'His scientific colleagues can I think with some justice complain of the vagueness of outline and the lack of detail in the picture which Professor Small presented to them . . . but if the theory was from the first one which included movement of visible cell granules an attempt to obtain direct evidence before putting forward the theory would seem more in accord with the accepted canons of scientific procedure.' This insistence on the greatest possible accuracy in experimentation and the desirability of direct evidence wherever possible was accompanied by an equal insistence on clarity of expression. Many of Blackman's papers and articles contain comments and footnotes about terminology and precise defini tion. The correct use of words might be described as a lifetime hobby. In the article on hybrids which described Mendel's work there is a typical footnote which reads 'the term hybrid is incapable of exact definition, it is used to describe the result of a cross between forms sufficiently dissimilar to be considered as belonging to distinct species, races or varieties. As, however, none of these categories is at present capable of exact definition the term hybrid is itself not definable.' At the age of 84, when guest of honour at the 100th meeting of the Society of Experimental Biology, he gave his last lecture. It ended with comments on terminology. 'I would assert that during the last few decades there has been a definite deterioration in the use of the English Language . . . M uch of it I am sure is a refusal to take the trouble to find the words which express as precisely as the author can achieve w hat he is attem pting to communicate.' O f the examples he gave perhaps the most cogent is the title of a communication to , 'A simple automatic fraction cutter'. Blackman regarded it as entirely misleading as the apparatus does not cut in the generally accepted meaning of this word and it does not in any case cut 'fractions as one cuts bacon', but distributes a liquid in equal portions into test tubes.
As the decade from 1920 to 1930 progressed both the direction of research and the teaching of advanced pathology and physiology passed more and more into the hands of Brown and Gregory (F.G.) as each became a recog nized authority in his field of work. Blackman's title was in due course modified to Professor of Plant Physiology and Brown became first Assistant and then full Professor of Plant Pathology, while Gregory became Assistant Director of the Institute. Parasitism remained the central research problem in pathology. In physiology Gregory and Richards (who was based at Rothamsted Experimental Station) made an intensive study of the mineral nutrition and nitrogen and carbohydrate metabolism of barley, applying growth analysis procedures. Later on, when research on fruit storage was discontinued, Helen K. Archbold joined the Institute staff and took over the study of carbohydrate metabolism. At the same time detailed growth studies of tomatoes were in progress at Cheshunt Experimental Station in the hands of B. D. Bolas and his colleagues and vernalization of cereals was being investigated at the Chelsea Physic Garden by O. N. Purvis and F. G. Gregory.
Over this period a stream of students trained particularly in pathology and physiology left Imperial College to take posts all over the world and to apply their knowledge to the practical problems of agriculture. Students from the Commonwealth also came to the College, especially from India, to do postgraduate work and many of them returned to make distinguished careers for themselves in their own countries. Blackman's method at this time was to interview each newcomer himself and suggest a problem he thought of interest or which had been agreed on with the staff member who was to supervise the student. He would outline the ways in which the question might be approached and then leave the student to his own devices. He did not make laboratory rounds nor call for frequent progress reports, but he was always available by appointment. In discussion he picked up the gist of a m atter very quickly and soon sorted out the salient points of an argument. Everyone was introduced to the idea of biological variation and imbued with the view that it must be treated in a quantitative manner. Nearly ten years before the impact of R. A. Fisher's work on the design of biological experiments Blackman had seized on the work of T. B. Wood, who was his contemporary at Cambridge, as providing a long-wanted precision tool for the biologist. Students and staff alike were given Wood's account of 'probable error' and enjoined to make use of the concept.
W hen the time came to write a paper or a report his hobby came into play. Every document that passed through his hands was scrutinized in the greatest detail and the use of words and punctuation meticulously considered. He would then patiently go through the paper word by word with the author remonstrating gently about faults of gram m ar and infelicitous choice of words. If the faults were too glaring or a neologism had been ventured telling comments were made with more than a touch of asperity. Although the criticisms were always accompanied by constructive suggestions and encouragement to try again the experience was liable to be painful, especially the first time. The benefits to the victims were, however, lasting and there remained in later years nothing but a feeling of gratitude for the trouble he was prepared to take not only in making a paper presentable but in training the author to think what exactly he was trying to find out and whether the experiments he had conducted were designed as well as possible for their purpose. Even at tea-time he might continue the crusade against statements which could not be substantiated. An unsuspecting visitor would be asked if he minded whether the milk was put into the cup before or after the tea. If the visitor asserted that he could tell the difference he was asked to submit to a test of his power of discrimination, only to be told if he identified one cup as having had the milk in first that both cups had been treated alike.
In 1929 Blackman succeeded Farm er as head of the Botany departm ent of Im perial College and Director of Biological Studies. The last eight years before he relinquished the Chair in 1937 were largely spent in executing manifold administrative duties and fulfilling committee responsibilities outside the College. At this stage he inevitably became a somewhat remote figure to the junior staff and the students and indeed he was in 1929 already regarded as a father figure controlling the College departm ent and the ramifications of the Institute at Rothamsted Experimental Station, at East Mailing, at Cheshunt and at the Chelsea Physic Garden, and only visible by appointment or sometimes at tea in the library. However, what the juniors all remembered about him was his courtesy and the trouble he would take giving explanations in answer to questions. He confessed in a letter to a colleague: 'I am, or used to be of a nervous temperament and only gained confidence by experience. One only learns by doing.' It was perhaps this streak of diffidence that made his character so endearing when the feeling of awe had been overcome. It is a tribute to his wisdom and a mark of the respect and affection in which he was held that he was able to control under the same roof two staffs, often with conflicting claims on facilities, without friction. He adopted a very permissive attitude and was rewarded with loyalty and the best endeavours of his colleagues.
As witness to the success of his efforts may be cited the flow of publi cations issuing from the laboratories he directed, over a hundred in the His reputation as a committee man was that he usually said little but his remarks were pertinent and effective and that he could be relied on to support a common-sense view. His sense of fairness and his habit of weighing his words, he seemed incapable of an unguarded statement, perhaps prevented him from arguing persuasively about causes in which he had a personal interest. Blackman was the editor of the Annals of Botany for twenty-five years and maintained a rigid standard of presentation. His early interest in plant processes led him to keep up to date with current biochemistry of plants and he was a founder member of the Biochemical Society and a member of the first editorial board of the Biochemical Journal. He was also a founder member of the British Mycological Society.
In 1937 Blackman retired with some reluctance from his Chair at the age of 65 and became an Emeritus Professor in the University of London. However, he remained for a further six years at the Imperial College as Director of the Research Institute of Plant Physiology. So at the close of his career at the Imperial College, as at the outset, he was called on to deal with the situation created by the outbreak of war. In the second world war scientists were mostly in categories exempt from military service and those of Blackman's staff based in London were dispersed to country Research Stations, to continue their work or take up wartime problems. He remained at his home in Wimbledon and travelled to visit the various places where the staff were located until he retired in 1943. In the autumn of 1937 he went to India as a member of the delegation sent by the British Association for the Advance ment of Science to attend the Silver Jubilee Session of the Indian Science Association held in Calcutta in January 1938. He visited a num ber of scientific institutions in various parts of the country and received honorary degrees from the University of Allahabad and the H indu University of Benares.
For many years after retirement he retained an active interest in botanical affairs, such as the editorship of the Annals of Botany and membership of several committees. He lived in the same house in Wimbledon for over fifty years and took a great interest in the John Evelyn Society for the preser vation of Wimbledon Common. W hen 76 he joined the English Association which afforded him an opportunity for continuing the battle for the correct use of the language. He was a constant attender at the meetings and Treasurer for a number of years. There he was again notable for his meticulousness about the use of words and for 'peppery outbursts when involved in a dis agreement which in no way diminished the respect and affection with which he was regarded'.
Failing physical health finally confined him to his home where he endured with courage and little complaint the disabilities of extreme old age until his death on 1 October 1967. The Director of the East Mailing Research Station records that when calling on him shortly before his death he found him still apt to rephrase a careless remark to improve its clarity. Blackman was occupied in 'brushing up my German for conversation with a friend' by listening to the language broadcasts.
Blackman had two sons and a daughter. Both sons followed in their father's footsteps, going to King's College School and St Jo h n 's College, Cambridge and graduating in botany. The elder, after a period in industrial research, became a lecturer in his father's Departm ent and later Sibthorpian Professor of Rural Economy at Oxford. The younger son died at the early age of 24. Blackman's wife died in 1940 and just before his 70th birthday he married Therese Elizabeth Panisset who had been one of his students and for some time his secretary. She cared for him devotedly for twenty-five years.
Blackman lived to be the last of a generation which had witnessed a great upsurge of excitement and interest in the plant sciences, following the great progress made in Germany in the latter half of the nineteenth century. He will be remembered as one of the chief architects of twentieth-century plant physiology in Britain.
It is a pleasure to express my thanks to Mrs Therese Blackman and Professor G. E. Blackman, F.R.S., who both read the manuscript and made many helpful comments as well as supplying items of information. I am also much indebted to Dr S. D. Garrett, F.R.S., for his help with the section describing the mycological work and to a number of my contemporaries for their recollections of the period from 1920 to 1940.
